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FOREWORD 

This Indian Standard ( Part 2/Sec 2 ) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Industrial Process Measurement and Control Sectional Committee had been approved 
by the Electrotechnical Division Council. 

This series of Indian Standard on Industrial Process Control Valves is being printed in several parts. 
Following parts have so far been printed: 

a) IS 10189 ( Part 1 ) : 1982 Industrial process control valves ; Part 1 General requirements and 

tests; 

b) IS 10189 (Part 2/Sec 1 ) : 1993 Industrial process control valves : Part 2 Flow capacity, 

Section 1 Sizing equations for incompressible fluid flow under installed conditions; and 

c) IS 10189 ( Part 2/Sec 2) : 1993 Industrial process control valves : Part 2 Flow capacity, 

Section 2 Sizing equations for compressible fluid flow under installed conditions. 

This standard ( Part 2/Sec 2 ) covers equations suitable for use in sizing industrial process control valves 
when the flowing media are compressible fluids. At very low ratios of pressure differential to absolute 
inlet pressure ( A pfpx ), compressible fluids behave similar to incompressible fluids. Under such 
conditions the sizing equations presented in this section can be traced to the basic Bernoulli equation 
for Newtonian incompressible fluids. However, increasing values of A p/Pi result in compressibility 
effects which require the basic equations to be modified by appropriate correction factors. The equations 
presented are for use with gas or vapour and are not intended for use with multiphase streams such as 
gas-liquid, vapour-liquid or gas-solid mixtures. 

While preparing this standard, assistance has been derived from IEC Publication 534-2-2 ( 1980 ) 
•Industrial process control valves : Part 2 Flow capacity, Section 2 Sizing equations for compressible fluid 
flow under installed conditions', issued by the International Electrotechnical Commission ( IEC ). 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values ( revfsedy. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 
INDUSTRIAL PROCESS CONTROL VALVES 

PART 2 FLOW CAPACITY 

Section 2 Sizing Equations for Compressible Fluid Flow 
Under Installed Conditions 



1 SCOPE 

This standa rd ( Part 2/Sec 2 ) gives equations for use in 
sizing I.P.C. valves when the flowing media is compres- 
sible fluid. 

2 REFERENCES 

The following Indian Standards are necessary adjuncts 
to this standard: 



IS No. 

10189 

(Part 1):1982 



10189 

(Part2/Secl):1993 



Title 

Industrial process control 
valves : Part 1 General 
requirement and tests 

Industrial process control 
valves : Part 2 Flow 
capacity, Section 1 Sizing 
equations for incompres- 
sible fluid flow under 
installed conditions 



3 TERMINOLOGY 

For the purpose of this standard, definitions given in 
Part 1 of this standard shall apply with the addition of 
the following. 

3.1 Choked Flow 

A maximum limiting flow condition which compres- 
sible fluids can reach in passing through control valves. 
NOTE - With fixed inlet (upstream) conditions, choked 
flow is evidenced by the failure of increasing pressure 
differential to produce further increase in the flow rate. 

3.2 Critical Differential Pressure Ratio 

The maximum ratio of differential pressure to inlet 
absolute pressure, that is, effective in all of the valve 
sizing equations. Choked flow occurs when this 
maximum ratio has been reached. 

3.3 Fitting 

Any device such as a reducer, expander, elbow, T-piece, 
or band, which is attached directly to an end connection 

of a control valve. 

4 NOMENCLATURE 



Symbols 



Description 



Unit 



C 



Flow coefficient (A vy K v ,C v 



d 


Nominal valve size (DN) 


D 


Internal diameter of the piping 


Fv 


Piping geometry factor 


F y 


Specific heat ratio factor 


M 


Molecular mass of flowing fluid 


N 2 ,N„ 


Numerical constants 


N 6j N g ,N q 





P\ 
Pi 

Pc 
Pr 

Q 



Inlet absolute pressure measured at the upstream pressure 
tap 

Outlet absolute pressure measured at the downstream 
pressure tap 

Absolute thermodynamic critical pressure 
Reduced pressure (p\/p c ) 

Pressure differential (p\~P2) between upstream and 
downstream pressure taps 
Volumetric flow rate 



Various 
(see Note 1) 

mm 

mm 

Dimensionless 

Dimensionless 

Various 

kPa or bar 
(see Note 2) 

kPa or bar 

kPa or bar 
Dimensionless 
kPa or bar 

(see Note 3) 
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Symbols 



Description 



Unit 



W 
x 



A TP 

Y 
Z 

Y 
Pi 

K 



Inlet absolute temperature (°C + 273) K 

Absolute thermodynamic critical temperature K 

Reduced temperature ( T\/T c ) Dimensionsless 

Absolute reference temperature for standard cubic metre K (see Note 3) 

Mass flow rate kg/h 

Ratio of pressure differential to inlet absolute pressure Dimensionless 

(4p//>0 

Pressure differential ratio lector of a control valve without Dimensionless 
attached fittings 

Pressure differential ratio factor of a control valve with Dimensionless 
attached fittings 

Expansion factor Dimensionless 

Compressibility factor - ratio of ideal to actual inlet Dimensionless 
specific mass (function of p v T x ) 

Specific heat ratio Dimensionless 

Density (specific mass) of fluid at p! and T\ kg/m 3 

Head loss coefficient of a reducer, expander or other fitting Dimensionless 
attached to a control valve 



NOTES 

1 Sec Part I of this standard. 

2 l0 5 Pa = 10 2 kPa = l bar. 

3 Volumetric flow rates in cubic metres per hour, identified by the symbol Q, refer to standard conditions. The standard cubic metre is 
taken at 1 013.25 mbar and either 273 K or 288.5 K. 



5 INSTALLATION 

5.1 In many industrial applications, control valves are 
installed using a variety of piping fittings attached to 
the upstream and downstream connections on the 
valve. These fittings usually have a significant reducing 
effect on the installed valve sizing coefficient. A 
correction factor is introduced to account for these effects. 

5.2 In sizing control valves, using the relationships 
presented herein, the flow coefficients calculated in- 
clude all head losses between pressure taps located as 
shown in Fig.l. It should be noted that the locations of 
the upstream and downstream pressure taps have Iven 



fixed at the outer limits. (See Part 1 of this standard) 
These calculated flow coefficients will normally be 
compared with rated flow coefficients listed in valve 
manufacturers' literature. Rated coefficients also 
include all head losses from two pipe diameters 
upstream through six pipe diameters downstream but 
where the control valve has been installed without 
fittings attached. 

6 SIZING EQUATIONS 

6.1 The equations listed below identify the relation- 
ships between flow rates, flow coefficients, related 
installation factors and pertinent service conditions for 



UPSTREAM 
PRESSURE 
TAP 



£ 



^ 



t>i 



i 



I 2 



DOWNSTREAM 

PRESSURE 

TAP 



+■ 



CONTROL VALVE OR CONTROL VALVE 
WITH ATTACHED FITTINGS 



/) = J Nomin.il pipe di.mk'U'i's 
/., = 6 Nominal pipe diameters 



Fig. 1 Pressure Tap Locations 
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control valves handling compressible fluids. Flow rates 
for compressible fluids may be encountered in cither 
mass or volume units and thus equations are necessary 
to handle both situations. Flow rales may be calculated 
using the appropriate equation selected from the 
following: 

yvf. 



W = N b .F p .C. 



•Pi Pi 



W = 



N S .F P , 



■P\ 



Q-N q .F p .C. Pl .Y 



v T] 

V 



M 



M.T..Z 



(1) 



(2) 



(3) 



When the flow rate is known and the valve sizing 
coefficient C is to be determined, the following respec- 
tive rearrangements of the above equations shall be used: 

W 



N h 



.F p .yv7T 



J^i -Pi 



w 



JV..F. 



Pi 



x.M 



Q 



N,.F.. Pi .Y 






(4) 



(5) 



(6) 



NOTES 

1 Fp is unity when the control valve is installed without fitting?. 
Refer to "(7) for Fp values with other installation configurations. 

2 Refer to (8) for details of the expansion factor Y. 

3 Nb,N$, M) are numerical constants, the val ues of which 
account for the necessary conversion of measurement 
units used in the equations and also for the specific flow 
coefficient desired. Flow coefficient included are 
Av,Kv and Cv and values of the constants may be 
obtained from Table 1. 

6.2 In some cases, volumetric valve sizing equations 
for compressible fluids contain the term G. This term 
defines the relative density of the flowing fluid to air 
when both are at standard conditions. The relationship 



reduces to the following : 

r M 

where 

M - molecular mass of flowing fluid, and 
Ma = molecular mass of air = 28.97 

6,3 Several other equations for sizing control valves 
for compressible fluids are in common world-wide 
usage. Some of these equations are given in Annex A. 
7 PIPING GEOMETRY FACTOR F P 
7.1 The piping geometry factor F P modifies the flow 
coefficient for reducers, expanders or other fittings 
attached to the valve body. F v is the ratio of the flow 
coefficient for a valve with fittings attached to its inlet 
and/or to the rated flow coefficient. 

To meet the maximum permissible tolerance of ±5 
percent, the F P factor shall be determined by test. 

When calculated values are permissible, the following 
equation may be used: 

1 



V 



^ti 



(7) 



NOTE - Values for N2 are given in Table 1. 

7.2 In the above equation, the factor TQ is the algebraic 
sum of all the effective velocity head coefficients of 
reducers, expanders or other fittings attached to the 
control valve. The velocity head coefficient of the 
control valve itselt is not included. 

2C = tj + C 2 + Cbi - ^B2 

where 

£1 = upstream resistance coefficient, 
U2 = downstream resistance coefficient, 
tBi = inlet Bernoulli coefficient, and 
C.B2 ~ outlet Bernoulli coefficient. 



(8) 



Table 1 Numerical Constants N 

(Clause 6.1) 





Flow coefficient 






Formu 


la units 






__ 


A v 


Kv 


C v 


IV 


Q 


pAp 


P 


T 


d.D 


#2 


1.23 XKT 12 


1.60 xlO" 3 


2.14 xUT 3 


— 


— 


— 


— 


— 


mm 


N 5 


1.39 xicr 12 


1.80 xlO" 3 


2.41 x 10" 3 


— 


— 


— 


— 


— 


mm 


Afe 


1.14 xlO 5 
U4xl0 6 


3.16 
3.16 x 10 1 


2.73 
2.73 x 10 1 


kg/h 
kg/h 


— 


kpa 
bar 


kg/m 3 
kg/m 3 


— 


— 


N& 


3.95 x 10 4 
3.95 x 10 6 


1.10 
1.10 xlO 2 


9.48 x 10 _t 
9.48 xlO 1 


kg/h 

kg/h 


— 


kpa 
bar 


— - 


K 
K 


— 


Afo(T3 = 273K) 


8.85 x 10 5 
S.H5 x 10 7 


2.46 xlO 1 

2.46 xlO 3 


2. 12 xlO 1 
2. 12 xlO 3 


— 


m 3 /h 
m 3 /h 


kPa 

bar 


— 


K 

K 


— 


AMZ5 = 288.5 K) 


9.35 x 10 5 
9.35 x i(l 7 


2.60 xlO 1 

2.60 xlO 3 


2.25 x 10 1 
2.25 x 10 3 


— 


m 3 /h 
m 3 /h 


kPa 

bar 


— 


K 
K 


— 
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When inlet and outlet fittings are identical, £ B1 ~ £ B2 
and therefore, drop out of the equation. 

In those cases where the piping diameters approaching 
and leaving the control valve are different, values of 
£ B1 and t, B2 may be calculated using the following 
relationship: 

,4 



SBi<>rCB2-l- hr 



(9) 



If the inlet and outlet fittings are short-length commer- 
cially available concentric reducers or expanders, the 
t; terms may be approximated using the following 
expressions: 



- reducer only: 

Ci-0.5 

- expander only: 

^2" 1.0 



1- "£ 



1- 



2 2 



- reducer and expander of equal size: 

2 n 2 



Cl+^2-1.5 



'-4 



(10) 



(ii) 



(12) 



When the inlet and outlet fittings are different from 
those describe above, the resistance coefficients t>\ and 
£ 2 have not been tabulated and thus the value of F p shall 
be obtained by test. 
8 EXPANSION FACTOR Y 

8.1 The expansion factor Y accounts for the change in 
density as the fluid passes from the valve inlet to the 
"vena contra eta" (the location just downstream of the 
orifice where the jet stream area is a minimum). It also 
accounts for the change in "vena contracta" area as the 
pressure differential is varied. 

Theoretically, Y is affected by all of the following: 

a) ratio of port area to body inlet area, 

b) shape of the flow path, 

c) pressure differential ratio x y 

d) Reynolds number, and 

e) specific heat ratio y. 

The influences of Items (a), (b) and (c) are accounted 
for by the pressure differential ratio factor x T which 
may be established by air test. 

8.2 The Reynolds number is the ratio of inertia 1 to 
viscous forces at the control valve orifice. In the case 
of compressible flow, its value is beyond the range of 
influence since turbulent flow almost always exists. 

The value of the ratio of specific heats of the fluid 
affects the pressure differential ratio factor jc t . 

Vinay be calculated using equation (13) or the equation 
given in Annex B: 

3F y x T 



In the above equation, the value inserted for x may not 
exceed the product of F y and x T even though the actual 
value of x is greater, See 9 and 10 for information on 
x, x T and F y . 

9 PRESSURE DIFFERENTIAL RATIO FACTOR 

9.1 Pressure Differential Ratio Factor Without 
Reducers or Other Fittings xj 

9.1.1 x T is the pressure differential ratio factor of a 
control valve installed without reducers or other fit- 
tings. If the inlet pressure p { is held constant and the 
outlet pressure p 2 is progressively lowered, the mass 
flow rate through a valve will increase to a maximum 
limit, a condition referred to as choked flow. Further 
reductions mp 2 will produce no further increase in flow 
rate. This limit is reached when the pressure differential 
ratio x reaches a value of Fyx T . The limiting value of 
x is defined as the critical differential pressure ratio. The 
value of x used in any of the sizing equations (1) to (6) 
and in the relationship for Y [equation (13)] must be 
held to this limit even though the actual pressure dif- 
ferential ratio is greater. Thus, the numerical value of Y 
may range from 0.667, when x - Fyx T , to 1 .0 for very 
low differential pressures. 

9.1.2 The value of X r may be established by air test. 
The test procedure for this determination is covered in 
Part 4 of this standard (in preparation). However, X r 

may be approximated from F L ] , the liquid pressure 
recovery factor of a control valve without attached 
fittings. Equation (A-8) shows this relationship. 

NOTE — Fl is defined in Part 2/Secl of this standard 
for sizing equations for incompressible fluid flow under 
installed conditions. 

9.1.3 Representative values of X T for several types of 
control valves with full size trim and at full rated 
openings are given in Table 2. Caution should be exer- 
cised in the use of this information. When precise 
values are required they shall be obtained by test. 

9.2 Pressure Differential Ratio Factor With 
Reducers or Other Fittings or Tl . 

9.2.1 If a control valve is installed with reducers or 
other fittings, the value of x T will lie affected. 

To meet the specified tolerance limitation of ±5 percent, 
the valve and attached fittings shall be tested as a unit. 
When estimated values are permissible, the following 
equation may be used: 



x TP 






1 + ^R 



2 ,-1 



*5 



(14) 



In the above relationship, x T is the pressure differential 
ratio factor for a control valve installed without 
reducers or other fittings, t is the sum of the inlet 
velocity head coefficients (i^ + c B1 ) of the reducer or 
other fitting attached to the inlet face of the valve. 
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9.2.2 If the inlet fitting is a short-length commercially 
available concentric reducer the value of t, may be 
estimated using equation (10). For other types of fit- 
tings, £j and F shall be obtained by test. 

NOTE — Values of #5 in equation (14) are listed in 
Table 1. 

10 SPECIFIC HEAT RATIO FACTOR F v 

10.1 The factor x T is based on air near atmospheric 
pressure as tJ* flowing fluid. At temperatures not ex- 
ceeding 370°C, the specific heat ratio y for air is 1.40. 
If the specific heat ratio for the flowing fluid is not 1.40, 
the factor F y is used to adjust jc t . Use the following 
equation to calculate the specific heat ratio factor: 



V 



1.40 



(15) 



11 COMPRESSIBILITY FACTOR Z 

11.1 Sizing equations (2), (3), (5) and (6) do not contain 
a term for the actual density of the fluid at upstream 



conditions. Instead, the density is inferred from the inlet 
pressure and temperature based on the laws of ideal 
gases. Under some conditions, real gas behaviour can 
deviate markedly from the ideal. In these cases, the 
compressibility factor Z shall be introduced to compen- 
sate for the discrepancy. Z is a function of both reduced 
pressure and temperature. For use in this section, 
reduced pressure /> r is defined as the ratio of the actual 
inlet absolute pressure to the absolute thermodynamic 
critical pressure for the fluid in question. The reduced 
temperature T Y is defined similarly. That is: 



Pi 

P ' = K 



7> 



Tx 



(16) 



(17) 



Absolute thermodynamic critical pressures and 
temperatures for most fluids and curves from which Z 
may be determined can be found in numerous reference 
handbooks of physical data. 



Table 2 Representative jc t Values for Full Size Trim at Full Rated Opening 

{Clause 9.1.3) 



Valve Typ e 


TrimType 


Flow Direction 


xi 


Globe : 

Single port 

Double port 


Ported Plug 
Contoured plug 

Characterized cage 

Ported plug 
Contoured plug 


Either 
Flow-to-open 

Flow-to -close 

Flow-to-open 
Flow-to-close 
Either 
Either 




0.75 


0.72 


0.55 


0.75 


0.70 


0.75 


0.70 


Angle 


Contoured plug 
Characterized cage 

Venturi 


Flow-to -open 
Flow-to -open 
Flow-to -close 
Flow-to -close 


0.72 


0.65 


0.60 


0.20 


Ball 


Characterized segmental 
Conventional (port dia. : 0.8 d) 


- - 


0.25 


0.15 


Butterfly 


(60° open) 
(90° open) 


- 


0.38 


0.20 



NOTE — Values in this table are approximate only and do not apply to all valves of a type. If accurate values are needed 
they shall be determined by test. 
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ANNEX A 

{Clause 6.3) 

OTHER SIZING EQUATIONS 

A-l In addition to the control valve sizing equations where 



presented in 6 there are other sizing equations for 
compressible flow which have achieved significant 
worldwide usage. Two such equations, which have 
been widely used and which may be expected to con- 
tinue in usage for the forseeable future, are presented 
and briefly described in this Annex. These equations are 
not preferred and their use should be discontinued in 
the interest of uniformity of practice. 

One well-recognized relationship is: 



Q=N l0 CC iPl 



VlH^VS 



All variables in this equation have been defined in the 
main body of this section except C v The constant N l0 
and all other constants in this Annex are to be found in 
Table 3. 

A-2 The magnitude of the coefficient C x is a measure 
of the pressure recovery characteristic of the control 
valve in question. Its determination entails flow testing 
with both compressible and incompressible fluids. In 
the test with a compressible medium the pressure 
differential across the valve shall be sufficient to 
produce choked flow, whereas for the test with an 
incompressible fluid no choking is permitted. If air and 
water at 288.5 K are used for the tests, C x may be 
computed from the following relationship: 

Cl - 2.106-^= 



<2a = choked air flow rate, in standard cubic metres 

per hour at T s - 288.5 K; 
p\ = inlet absolute pressure, in bars; 
g w = non-choked water flow rate, in cubic metres 

per hour; and 
A p = pressure differential, in bars. 

A-3 Contol valves exhibiting high pressure recovery 
capabilities will have low values of C x and vice versa. 
The normal range of this coefficient is approximately 
14 to 38. Within testing tolerances, C x is related to the 
pressure differentia] ratio factor x r by: 

The bracketed expression in equation (A-l) is an in- 
dication of the fraction of choked flow which exists for 
the value of Ap/p x used in the computation. Choked 
flow is indicated when the bracketed value is equal to, 
or greater than, 90°. Thus the bracketed value shall be 
limited to 90°. 

Results obtained with equations (3) and (A-l) agree 
within measurement tolerances. 

A-4 Another form of equation (A-l) is given by the 
following expression where the flow rate is in mass 
units rather than volumetric units: 



W^N^piPyCCy sin 



3 417, 



-l 



pi 



Table 3 Numerical Constants N 
(Clause A-l) 





Flow Coefficient C 


Formula Units 




A v 


*v 


C v 


W 


Q 


p. Ap 


P 


T 


Mo (7s- 273 K) 


1.66 xlO 2 
1.66 xlO 4 


4.62 x 10" 3 
4.62 xlO" 1 


4.00 xlO" 3 
4.00 xlO" 1 


- 


m 3 /h 
m 3 /h 


kPa 
bar 


- 


K 
K 


Mo (Is- 288.5 K) 


1.71 xlO 2 
1.71 xlO 4 


4.75 x 10" 3 
4.75 x 10" 1 


4.11 xlO" 3 
4.11 x 10" 1 


- 


m 3 /h 
m 3 /h 


kPa 
bar 


- 


K 
K 


Mi 


1.91 XlO 3 
1.91 x 10 4 


5.30 xlO" 2 
5.30 xlO" 1 


4.58 x 10" 2 
4.58 xlO" 1 


kg/h 
kg/h 


- 


kPa 
bar 


Kg/m 3 
Kg/m 3 


- 


M2(r s -273K) 


1.01 X 10 5 
1.01 x 10 7 


2.79 
2.79 x 10 2 


2.41 
2.41 x 10 2 


- 


m 3 /h 
m 3 /h 


kPa 
bar 


- 


K 

K 


M2 (T$ - 288.5 K) 


1.06 x10 s 
1.06 xlO 7 


2.95 
2.95 x 10 2 


2.55 
2.55 xlO 2 


- 


m 3 /h 
m 3 /h 


kPa 
bar 


- 


K 
K 


M3 


7.67 xlO 3 

7.67 xlO 5 


2.13 xlO" 1 
2.13 xlO 1 


1.84 xlO" 1 
1.84 xlO 1 


kg/h 
kg/h 


- 


kPa 
bar 


- 


- 
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A-5 Another easily identifiable relationship is: 

Q- ^ (y- 0.148/) 

A-6 With the exception of v and C f , the variables in the 
above expression are as previously defined in this 
section. The variable y is defined as follows: 



1.63 



where 

p vc = "vena eontracta" pressure 

A-8 Equation (A-5) is based on the proposition that, 
within testing tolerances: 



c t 



▼ 0.84 



C- 




Pi 



A-7 Values of y are limited to 1.5, since at this value 
the expression (y - 0.148 y 3 ) has a value of 1.0 which 
is an indication that choked flow conditions exist. 



Cf is a coefficient that indicates 
characteristics and is defined by: 



pressure recovery 



v (Pi-. 



-Pi) 

■PJ 



C t may be determined by testing with either water or air 
under choked flow conditions. It is taken to be 
equivalent to the liquid pressure recovery factor F L as 
defined in Part2/Sec 1 of this standard. 

A-9 With flow rate in mass units equation (A-5) has 
the form: 

W = Nu C C fPy ^/G~f(y- 0.148V 3 ) 

In this relationship, the variable G f is defined as the 
ratio of the density of the flowing fluid to the density 
of air when both are at inlet pressure and temperature. 



ANNEX B 
(Clause 8.2) 

RIGOROUS EXPRESSION FOR THE EXPANSION FACTOR Y 



B-l A different formula is given in this Annexure 
which introduces a rigorous expression for the expan- 



sion factor Y. This equation can be simplified with a 
good approximation to a linear relationship: 




Fig. 2 Expansion Facior vs Prissi rk Drop Ratio k >r 
Widely Differing Vaujl-s 0FF g (for y-\A, Air) 
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y=i- 



J-W ^ 



in which the value inserted forx is set equal to x a 
its actual value is greater than x CT . 

B-2 The factors used in the above equation are: 



when 



„..V 



v+i 



(&r 



this is dependent on the specific heat ratio y only. 
B-3 In practice, the value of o y can be obtained from 
Table 3 below or deduced from a graph as a function 
of y. On the other hand the following simpler foumula 
can be used. 

a 7 = 0.310 + 0.122 y 

which gives an error smaller than 1 percent (y being in 
the normal range of the values for gases). 

B-4 F is the pressure recovery factor of the valve at 
rated travel. For any valve, its value must be considered 
as a known quantity, which is experimentally obtained 
as outlined in the standard on testing procedures. 



Through F g the value of x CT is calculated by: 



Xrr = 1 - 



Y+l 



7-1 * 



this is the value of x corresponding to the choked flow. 

B-5 This value can be deduced from a graph as a 
function of F _, y being a fixed parameter. Wheni^ is 
in the range 0.7 to 1.1, a simpler formula can be used, 
which is (for air): 

x a = 0.684 F g - 0.210 

which gives an error smaller than 1 percent in respect 
to the equation (A-4). 

B-5,1 In practice, instead of calculating Y by means of 
the above equations, it is possible to use a simple graph, 
similar to that of Figure 2. In this graph Y is drawn for 
an assigned gas (air) as a function of x, the factor F 
being assumed as a parameter. By this means the value 
of yean be obtained immediately and used directly in 
equations (1) to (6) inclusive. 

B-6 The relationship (A-l) between Fand x is linear, as is 
equation (13) of the main text. Tt h;^ to be noted, however, 



Table 4 Values of y and a v 

(Clause B-8) 



Gas or Vapour 


Symbol 


Y - C ? Cv 


Oy 


Acetylene 


C2H2 


1.30 


0.472 


Air 


— 


1.40 


0.484 


Ammonia 


NH3 


132 


0.474 


Argon 


A 


1.67 


0.514 


N-Butane 


C4H10 


1.11 


0.446 


Carbon dioxide 


CO2 


1.30 


0.472 


Carbon monoxide 


CO 


1.40 


0.484 


Ethane 


C2H6 


1.22 


0.461 


Ethylene 


C2H4 


1.22 


0.461 


Freon(F-12) 


CCI2F2 


1.13 


0.449 


(dichlorodifl uoromethane) 








Helium 


He 


1.66 


0.513 


Hydrogen 


H2 


1.41 


0.485 


Methane 


CH4 


1.32 


0.473 


Natural gas - 1 


- 


1.27 1} 


0.468° 


Neon 


Ne 


1.64 


0.511 


Nitric oxide 


NO 


1.40 


0.484 


Nitrogen 


N2 


1.41 


0.485 


Octane 


CsHis 


1.66 


0.513 


Oxygen 


O2 


1.40 


0.484 


Pentane 


C5H12 


1.06 


0.438 


Propane 


C3H8 


1.15 


0.452 


Propylene 


C3H6 


1.14 


0.450 


Saturated sleam 


-■ 


1.25-1.32° 


0.465 -0.474 2) 


Sulphur dioxide 


SO2 


1.26 


0.467 


Superheated sleam 


- 


1.315 


0.474 



Representative values : exact characteristics require knowledge of exact constituents. 
' For water vapour, y is not constant but varies with the values of the initial quality and initial pressure. 
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that the critical value x a is very different from the 
terminal value x T of equation (13). Nevertheless, the 
numerical results of equations (13) and (B-l) differ slightly 
(less than 1 percent for air, in the normal range of F^ if the 
proper correlation formula between x T and F & is used. 

This correlation formula gives: 

.v T = 2.25 o 7 F g 2 = 0.527 F g 2 for air 

B-7 It has to lie remarked that the method described in 
this Annex takes into account more accurately the in- 
fluence of the various physical quantities, in particular 
that of F g and y. Moreover, since the theory is not based 
on the ideal gas law, equations (1) and (4) with the use 
of formula (A-l) are valid also for real gases and 
vapours (by assuming the value of pj corresponding 
to the values of p x and T{). 

However, to avoid the use of tables to infer the value of 
Pj, practical relationship between pj and p a can be used. In 
this way the following formulae for steam are obtained: 



hence Y can be 
a graph drawn for 



saturated dry steam (initial quality = 1) : 

W=0.72.N 6 .C.p { .Y& 

B-8 By setting y = 1.14 there results a 7 = 0.450, 

x CT - (0.539- 0.118 F$ Fg2; 

calculated or deduced from 

Y= 1.14. In the same way, a similar formula can be 

obtained for water vapour having a quality smaller 

thanl, by using the proper value of y, as reported in 

the handbook mentioned under Thble 4. 

superheated steam: 

0.72 .NfC 



W: 



Pi 

1 +0.001 26 At 



Vvx* 



where At is the degree of superheat in degrees Celsius. 
By setting y - L315 there results a y = 0.474, 
x a = (0.596 - 0.139 F g 2 )/^; hence K can be calculated 
or deduced from a graph drawn for y * 1.3 15. 
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